[Purpose] The purpose of this study was to compare plantar pressure distributions of the affected side of stroke patients during walking with canes of three different cane lengths.
INTRODUCTION
Walking ability is important for stroke patients because it is necessary for conducting activities of daily living and many tasks for independent living 1) . Unfortunately, stroke patients have abnormal gait and it is well-documented that 57% of patients who survive a stroke are unable to walk without human assistance for a week, but 50-85% of them are expected to recover some degree of walking 2, 3) . Chronic stroke patients often exhibit considerable gait impairment, decreased gait velocity 4) , increased compensatory pelvic movement at toe-off 5) , and temporal gait asymmetry 6) .
A cane improves hemiplegic gait by assisting the affected limb to smoothly shift the center of body mass forward and to enhance push-off during the preswing phase. It also improves balance and mobility, including circumduction gait during the swing phase 7, 8) . Many different types of device for aiding walking have been developed. For proper usage of this assistance, there are several guidelines for measuring the length of walking aids in a clinical setting for people who need assistance with everyday activities [9] [10] [11] . A commonly used method for determining the ideal cane length is to measure the distance from the floor to the greater trochanter 12, 13) . However, Kumar et al. 14) reported that the proper cane length should be measured from the floor to the distal wrist crease, and that was a more comfortable length for countering weak balance during walking than to the greater trochanter. Recent evidence 15) suggests that the cane length ought to be adjusted to the individual's arm length because of the unique physical characteristics of individuals.
What's important is two thirds of hemiplegic patients have used canes that were too long and most of them have used a cane higher than the distal wrist crease or greater trochanter 16) . To our knowledge, there is no study that has investigated the proper cane length for hemiplegic patients or conducted a detailed analysis of plantar pressure distribution while they are walking with a cane. Therefore, the objective of this study was to investigate the plantar pressure distribution of the affected side of hemiplegic patients during walking with three different cane lengths.
SUBJECTS AND METHODS
Thirty-four stroke patients (male/female, 15/19) with no history of major injuries such as fracture or surgery to their lower extremity were recruited for this study. All of the patients received comprehensive rehabilitation immediately after stroke and subjects who could independently walk over 10 m with a cane were recruited. Participants were excluded if they had vestibular impairment that may have resulted in falls, or were able to walk without a cane over the same distance. The subjects were acquainted with the purpose of this study, instructed about the experimental procedure, and requested to sign an informed consent from prior to participation in the experiment. The baseline demographic characteristics of the subjects enrolled in the study are described in Table 1 .
A quad-cane (four-point cane) whose length could be adjusted in 1-cm increments was selected because it has a wide base of support and helps hemiplegic patients to control posture while walking 8, 11) . The F-Scan system® (Tekscan, USA) which uses disposable sensors and a spatial resolution of 3.9 sensors/cm 2 was used to collect in-shoe plantar pressure data. An F-Scan insole has 954 forcesensing resistors, evenly distributed at 0.5 cm (0.2 in) intervals and can be trimmed to any shoe size. This system was calibrated for each subject according to the manufacturer's guidelines.
Three different lengths of cane were used. The patient stood erect wearing comfortable shoes, and the length of the cane was adjusted so that the top of the cane corresponded to the top of the greater trochanter (GT), 5 cm above the greater trochanter (A5GT), or 10 cm above the greater trochanter (A10GT). The lower tip of the cane was placed at a point 6 inches lateral to the little toe 14) . The subjects wore their own shoes and the insoles which were trimmed to their shoe sizes. The cuff unit was attached to the lower leg with a Velcro strap. A 9.25 m cable connected the sensor cuff and data was collected at 50 Hz for 4 sec. Before the trials, to ensure equilibration of the temperature of the insole and to calibrate the equipment, the subjects were asked to walk at least ten meters along the experimental way 17) . If there were any high-pressure areas or the sensor wrinkled, or if it was too big to fit inside the shoe, the sensors were either repositioned or re-trimmed. After calibration, all of the subjects were asked to walk at their most comfortable speed, location of cane contact, step length, and step width three times along the walkway using the three different cane lengths. Plantar pressure was recorded for 3 walks of approximately 3 strides in the middle of the test walk and the mean value was calculated. After the pressures were read and saved, they were processed with custom-made software, F-Scan version 4.19F.
To assess separate regions of plantar pressure distribution, the affected side foot was divided into three regions: forefoot (FF), midfoot (MF) and hindfoot (HF), 40%, 30% and 30% of the total foot length, respectively 18) . The parameters were contact area (CA), contact length (CL), contact width (CW), contact pressure (CP), and center of pressure trajectories (e.g. anterior/posterior trajectory (APT) and medial/lateral (MLT)). They were calculated and averaged during the stance phase, from heel-strike to toe-off.
Repeated measures ANOVA was performed to estimate differences in plantar pressure distributions of the affected foot among the three different cane lengths. Data were analyzed with the SPSS package (version 17.0), and the level of significance chosen as 0.05.
RESULTS
CW and CP of HF were significantly different for the three different cane lengths. The cane length of A10GT gave a wider width, stronger pressure, and longer APT than the cane length of GT. APT of A5GT was significantly longer than any other length ( Table 2, 3) .
DISCUSSION
Traditionally, it has been recommended that cane lengths for hemiplegic patients correspond to the height of the GT. However, 75% or more of hemiplegic patients have been using cane lengths greater than GT height, and no quantified study has investigated or compared plantar pressure distributions of different cane lengths. Therefore, we studied the effect of different cane lengths on the plantar pressure distribution with adult hemiplegic patients as subjects.
The present results show that CW and CP of HF, and APT of A10GT cane length, and APT of A5GT cane length, were greater than those of GT cane length. These results imply that cane lengths greater than GT height are beneficial for increasing foot pressure, harmonizing heelstrike, and improving center of pressure movement of the affected foot during walking. As the cane length gets longer, elbow flexion increases and more weight is shifted to the affected side. This allows hemiplegic patients to move the plantar pressure more easily and effectively for normalized heel contact. Buurke et al. 19) concluded that the use of a cane should be considered for achieving normal gait patterns. A previous study 20) , which analyzed foot contact pattern of hemiplegic patients, reported the anterior displacement of the foot area of the affected side was shorter than that of the unaffected side, and interventions were needed to increase center of pressure trajectory. In addition, Kuan et al. 7) indicated that weight support for the paralyzed foot was effective at improving the walking pattern. Thus, our results that cane lengths greater than GT height were beneficial for paralyzed heel contact find support in these previous studies. However, there is some disagreement about cane length. Kumar et al. 14) proposed it should be the height of the distal wrist crease. The reasons for this are mainly due them having only focused on the elbow flexion of normal elderly people when they used a cane.
The limitation of this study contains short recruited time; we had to use a standardized quad cane, disregarding of cane type. Moreover, the results cannot be generalized to stroke patients, since we did not investigate walking parameters such as speed, step length, and step width of the different lengths of cane. Therefore, further studies which address these limitations are necessary in order to provide the most beneficial and effective guidelines for selecting cane lengths for stroke patients.
In conclusion, cane length of 10 cm above the greater trochanter may be clinically beneficial for assisting and harmonizing heel-strike as well as weight shift of the affected hind foot. Cane lengths of 5 or 10 cm above the greater trochanter help to increase the center of pressure displacement of adult hemiplegic stroke patients during walking.
